Unmanned aerial vehicles (UAVs) have become a hot research topic in the worldwide due to their great potential in numerous military and civil implementations. This motivated everincreasing attraction of designing UAV flight control systems to achieve robust stability and acceptable performance across specified flight envelopes. Therefore, this paper is devoted to design an adequate flight control system for stabilizing a fixed wing (Aerosonde) UAV. To 
1-Introduction
The arena of UAVs has for many years been dominated by civilian and military industries since they are indispensable for various applications where human intervention is considered difficult or dangerous. One of the important endeavors in UAV related research is the design of its flight control system to achieve robust stability and acceptable performance across specified flight envelope in presence of actuators and sensor uncertainties. The first step in designing such control system is to create a mathematical model of the aircraft. For an aerospace vehicle, developing a mathematical model requires knowledge of the physical characteristics such as weight, mass properties and aerodynamic parameters. The flight simulation is an essential part of guidance, navigation, and control design and development. The extensive use of simulation for saving time and prevent a perhaps crash of the aerial vehicle in flight test.
Model of Aerosonde UAV

Mathematical Model of Aerosonde UAV
A generalized full six degrees of freedom nonlinear mathematical model of a rigid symmetric aircraft can be written as follows: 
These equations represent the forces, moment, navigation, and kinematic equations. The mathematical model involves the propulsion system which includes a piston engine and a fixedpitch propeller. The propulsion model is represented by a simple internal combustion engine model based on look-up tables of engine parameters.
( )
For the longitudinal flight control system, the airspeed t V , the pitch angle  , the pitch-rate q, and the altitude h are monitored: 
Actuators Modeling
The actuators in the Aerosonde UAV are flap, elevator, ailerons, rudder and thrust. Characteristics of UAV actuators are shown in Table- 
Thrust actuator:
Sensor Modeling
The sensors involved in the simulation are the accelerometers, the gyroscopes, the air data senors (angle of attack probe, sideslip vane, altitude and velocity sensors), the compass and the GPS.
The Three-Axis Accelerometer Modeling
The three-axis accelerometer model implements an accelerometer on each axis. 
The Three-Axis Gyroscope Modeling
The three-axis gyroscope model implements a gyroscope on each axis. 
where meas  is measured body angular rates, b
 the body angular rates SFCC  is a 3-by-3 matrix of scaling factors on the diagonal and misalignment terms in the non-diagonal, bias  are the biases, (Gs) are the Gs on the gyroscope, and gsens  are the g-sensitive biases.
Attitude Gyros
The attitude gyro is modeled as a first order filter. The output of the attitude gyros are limited to ±90°for pitch attitude, ±180°for roll and yaw attitudes. 
The Compass Model
The compass model is shown in Figure 1 , which consists primarily of two low pass filters. 
GPS Modeling
A simple GPS position-velocity model includes output time-lag, Gauss-Markov noise correlation, and discrete output.
Conventionally, the longitudinal flight control system is designed for the longitudinal motion only; therefore the resulting linearized model is decoupled into longitudinal and lateral directional plants.
The Longitudinal Flight Controller
The longitudinal flight controller is realized using two control loops; altitude and velocity. The control system is implemented using two different controllers; PID with fixed gains tuned using Genetic Algorithm (GA), and the fuzzy logic control design technique. Initial guesses for the PID parameters are used then are optimized using a GA technique to improve the performance and robustness of the system. The transfer function of a PID controller is shown as:
Where: K P , K I , and K D are the proportional, integral, and derivative gains respectively.
Longitudinal Fuzzy controller
A fuzzy logic controller system has two inputs, the error e(t) and change of error Δe(t), which are defined by:
(30) The output of the Fuzzy Logic Controller is the incremental change in the control signal Δu(t). Then, the control signal is obtained by: The speed response is affected instantaneously because of the coupling effect. A step response of speed with constant altitude is shown as in Figure 5 . The two controllers show approximately identical responses, but also the fuzzy controller yields better time response than the classical one. The altitude response is slightly affected by speed change due to coupling effect. 
Effect of external wind disturbances
The effect of cross wind disturbance on the altitude and speed of UAV is shown in the following figures. The UAV is subjected to crosswind disturbance from the beginning of normal operation. If the wind speed exceeds certain limit, the PID controller provides better behavior than the fuzzy controller which has unstable response. 
6-Conclusion
The nonlinear equations of motion for a non-rotating flat earth reference frame have been presented in this paper in a manner that they can be integrated into a simulation environment. The developed UAV model was simulated in MATLAB/Simulink using M-file for enhanced performance. Detailed models for the sensors and actuators were incorporated in the simulation. Comparative Synthesis of UAV flight controller between the optimized PID controller and the fuzzy controller has been presented for tracking step responses and the disturbance rejection. Future work will focus on adjusting and validating the longitudinal controller so that it can be used to exploit the particular autopilot in its whole flight envelope. Extra effort will be placed on studying, developing, and testing advanced control strategies like adaptive control technique to achieve good performance characteristics in highly demanding maneuvers.
